The problem of reflection and transmission of a plane electromagnetic wave at an interface separating two moving media is discussed. Contrary to previous studies, the model does not excludo normal components of the velocities with respect to the interface. The general formalism yields dyadic reflection and transmission coefficients. The results are applied to the Cerenkov radiation phenomenon, the Fizeau experiment, clear-air scattering (when the two media have the same constitutive parameters in their respective rest frames), and ray optics in moving media.
INTRODUCTION AND STATEMENT

OF THE PROBLEM
Inasmuch as reflection and transmission of plane electromagnetic waves by a plane interface is a tractable problem, it has been discussed in connection with moving media by numerous authors.
For early history and references see Pauli [1958] . Einstein's [1905] treatment of reflection by a mirror moving in free space marked the beginning of a consistent approach based on the invariance of Maxwell's equations. Minkowski's [1908] formulation of electrodynamics in moving media facilitated the extension of Einstein's ideas to moving material media (for history and reference see Sommer/eld [1952] and Ta/ [1964] A common characteristic of previous studies is the fact that the media under study had no perpendicular velocity component relative to the interface. On the other hand, the subsequent general formalism presented here does not impose this constraint a priori. It is pertinent to ask whether the generalization of these problems to the case of two media moving in arbitrary directions describes a physical situation; gions where the fluid is injected and drained, which would explain, for instance, why Doppler frequency shifts are not present. However, evidently such an inclusion presents a formidable problem, and therefore it has been always tacitly assumed that the velocity is uniform everywhere. But, by assuming a jump discontinuity of the fluid at the interface, the scattering problem introduced by the Fizeau experiment may be discussed in a consistent way. This is done in the sequel. Thus interesting results are derived even in cases in which the model is a very crude approximation, e.g., the macroscopic explanation derived for the scattering Cerenkov radiation effect. The general formalism presented here includes previous results as special cases.
In the general case, a plane interface is considered, separating two homogeneous and isotropic media (in their proper frames) that have arbitrary uniform velocities. The incident wave is chosen in one region such that in the medium's proper frame it constitutes a transversal, linearly polarized, time-harmonic, plane electromagnetic wave. The reflected and transmitted waves are derived subject to the condition that they constitute proper plane waves in the frames of reference of their respective media at rest and subject to the subsequent boundary conditions. The conventional boundary conditions at a surface at rest are derived directly from Maxwell's equations without reference to the constitutive relations of the media at hand, hence they are valid in the present case, too. Namely, in the frame of reference of the interface at rest, the tangential components of the electric and magnetic fields are continuous across the boundary. For given media and their velocities and for a given incident wave, this condition uniquely determines the transmitted and reflected waves. At an interface at rest with respect to the observer, the frequency (or any arbitrary time variation) is preserved, therefore there are no Doppler frequency shifts present in this frame of reference. Once the problem is solved in one frame of reference, the results may be transformed into an arbitrary frame.
After discussing the general formalism, special cases are discussed; special cases have been considered before by Censor [1968b] . hence the velocity has no effect and cannot be detected in an experiment using this configuration. For arbitrary directions of propagation, (31) becomes cumbersome, but first-order velocity effects, which are of main interest, may still be considered. Thus substitution of (17) and (18) situation resembles an unstable linear control system that delivers an infinite output for a given finite input. In reality such a system becomes oscillatory even without external excitation. Similarly, vanishingly small fields of zero frequency will cause the present system to radiate, provided (39) is satisfied.
From (18) and v• = Cs, it is seen that for arbitrary directions of incidence, the radiated wave always propagates in a direction prescribed by cos a• = 1, i.e., in direction 0 for the present geometry in Figure   2 . This is another characteristic of the Cerenkov phenomenon. Application to the Fizeau experiment. As was pointed out in the previous discussion of the Fizeau experiment, the effects at the ends of the water-filled tubes are usually neglected. We assume in the present model that a uniformly moving medium terminates on two parallel planes. The motion, as well as the direction of incidence, is perpendicular to the interfaces (Figure 3) . Since the interfaces are not moving, only the wavelength changes, and there are no Doppler frequency shifts. In accordance with the discussion leading to (32), the motion has no effect on the reflection and transmission coefficient at the surfaces. According to (32), the amplitude of the wave decreases by a factor 1 --q, ! + q as it enters and leaves, respectively, the slab region; hence the transmitted wave is given by 
